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Introduction
Intracranial arterial stenosis (ICAS) has been recognized as a serious cause of stroke, which is one of the worldwide leading causes of morbidity and mortality [1] [2] [3] . Previous studies demonstrated that the traditional vascular disease risk factors, including arterial hypertension, diabetes mellitus and hyperlipidemia were independently associated with ICAS in general and symptomatic populations [4] [5] [6] [7] [8] [9] [10] .
The metabolic syndrome (MetS) is characterized by a cluster of risk factors, i.e., visceral obesity, dyslipidemia, hyperglycemia, and arterial hypertension [11] . These risk factors which are linked to insulin resistance and an increased risk of cardiovascular diseases have become major public-health challenges worldwide [12] [13] [14] [15] [16] [17] [18] . Previous hospital-based studies revealed that MetS is associated with an increased risk of symptomatic ICAS in patients with stroke [19] [20] [21] . Moreover, the proportion of ICAS increased with a higher number of MetS components. Despite of the high public health importance of MetS and of ICAS as major precursor of stroke and although addressing an asymptomatic stage as compared to treating the symptomatic stage of a disease is more effective and helpful, data are missing on the potential association between MetS and asymptomatic ICAS in a general population. We therefore conducted this study to investigate an association between MetS and asymptomatic ICAS in a community-based study population in which as compared to a hospital-based study population, the risk of a confounding effect by a bias due to the referral of patients may be less pronounced.
Methods
The Asymptomatic Polyvascular Abnormalities Community study (APAC) is a community-based observational prospective, long-term follow-up study to investigate the epidemiology of asymptomatic polyvascular abnormalities in Chinese adults [22] . The study was performed according to the guidelines from the Helsinki Declaration and was approved by the Ethics Committees of the Kailuan General Hospital and the Beijing Tiantan Hospital. Written informed consent was obtained from all participants. Individuals were also informed of abnormal findings and recommended treatment. The study cohort was a subpopulation of a previously described population of the Kailuan study which included a total of 101 510 employees and retirees of the Kailuan (Group) Co. Ltd, a large coal mine industry located in Tangshan, Hebei Province [23, 24] . The study population included mine workers as well as clerks with desk jobs. The city of Tangshan with approximately 7.2 million inhabitants in 2006 is situated 150 km southeast of Beijing and is a center of the coal mining industry. Using a stratified random sampling method by age and gender based on the data of the Chinese National Census from 2010, a sample of 7 000 subjects older than 40 years was randomly selected from the Kailuan cohort between June 2010 to June 2011. A total of 5 852 subjects agreed to participate in the APAC study and 5 816 people eventually completed the baseline data collection.
Among these 5,816 individuals, 376 subjects did not meet the inclusion criteria which were (1) no history of stroke, transient ischemic attack, and coronary disease at baseline as assessed by a validated questionnaire; and (2) absence of neurologic deficits indicating previous stroke as examined by experienced physicians. During the baseline survey, all participants underwent a clinical examination, laboratory tests, and carotid duplex ultrasound and transcranial Doppler examinations. Structured interviews with a standardized questionnaire were performed by trained investigators. The questionnaire included questions on the demographic and socioeconomic background, level of education, self-reported income, history of major medical disorders such as diabetes and hyperlipidemia, alcohol abuse and smoking. Anthropometric indices included height and weight. Body mass index (BMI) was calculated as body weight (kg) divided by the square of body height (m 2 ). Smoking was defined as at least one cigarette per day for more than a year. Alcohol abuse was defined as alcohol intake of at least 90 g of liquor a day for more than one year for men and as alcohol intake of at least 45 g of liquor a day for more than one year for women. Smoking or drinking cessation was considered only if it lasted for at least one year. Details of the APAC study design and the information on baseline characteristics have been published previously [22] [23] [24] .
MetS was defined using previously published criteria from the International Diabetes Federation [11] . The definition included the presence of central obesity (waist circumference >90 cm for Chinese men and >80 cm for Chinese women), plus any two of the following factors: triglycerides >150 mg/dL (1.7 mmol/L) or receiving specific treatment for elevated triglyceride concentrations; high-density lipoprotein cholesterol ,40 mg/dL (1.03 mmol/L) in men and ,50 mg/dL (1.29 mmol/L) in women, or receiving specific treatment for low high-density lipoprotein cholesterol; systolic blood pressure >130 mmHg or diastolic blood pressure >85 mmHg, or treatment of previously diagnosed arterial hypertension; fasting plasma glucose >100 mg/dL (5.6 mmol/L) or previously diagnosed type 2 diabetes mellitus.
Transcranial Doppler sonography was performed by two experienced neurologists using portable machines (EME Companion, Nicolet, Madison, WI, USA). Both neurologists when performing the sonography were unaware of the baseline information of the participants. Since they could fully see the study participants and thus estimate the BMI, they were not completely masked. Asymptomatic ICAS was diagnosed according to a peak systolic flow velocity of.140 cm/second in the middle cerebral artery,.120 cm/second in the anterior cerebral artery,.100 cm/second in the posterior cerebral artery and vertebrabasilar artery, and.120 cm/second in the siphon internal carotid artery [25] . In addition, the age of the patients, presence of disturbance in the echo frequency, turbulence, and whether the abnormal velocity was segmental were also taken into consideration for the diagnosis of ICAS. Patients were classified as having an occlusive disease if at least one of the studied arteries showed evidence of stenosis or occlusion.
Inclusion criteria for the present study were the availability of measurements of the blood concentration of triglycerides, high-density lipoproteins and glucose and of blood pressure. The statistical analysis was carried out using commercially available software (SAS software, version 9.3; SAS Institute Inc., Cary, NC, USA). We described continuous variables by their means ¡ standard deviations and categorical variables were described as percentages. We used the Student's t-test for non-paired samples for the comparison of normally distributed parameters and the Wilcoxon test for the comparison of non-parametric variables. The Chisquared test was applied for the comparison of categorical variables. The trend of the prevalence of asymptomatic ICAS with increasing number of components of MetS was tested by the Chi-square trend test. We performed three multivariate logistic regression analyses to calculate odds ratios (OR) and 95% confidence intervals (CI) for the associations of MetS or the number of MetS components (the 0 MetS component group was used as the reference category) with asymptomatic ICAS. Model 1 adjusted for age and gender; Model 2 adjusted for age, gender, level of education, income, smoking, alcohol abuse, and physical activity; and Model 3 adjusted for age, gender, level of education, income, smoking, alcohol abuse, amount of physical activity, body mass index, and serum concentrations of low-density lipoprotein cholesterol and high-sensitivity Creactive protein. Finally, for each model, a trend test was performed after the number of MetS components was entered into the model and treated as a continuous variable. We also used a multivariate stepwise logistic regression to analysis the independent associations between asymptomatic ICAS and MetS and all other variables in the model 3. Two-sided P-values were reported for all analyses. A P-value ,0.05 was considered to be statistically significant. Subjects without a good temporal window were considered without stenosis. The statistical analysis was performed in two steps, either including the subjects without a good temporal window into the group of subjects without stenosis, or by excluding the subjects without a good temporal window from the statistical analysis. All data underlying the findings described in our manuscript are fully available without restrictions. Upon demand, the data will be send to and shared with any colleague interested.
Results
Out of a total of 5440 subjects (2183 (40.1%) women) enrolled into the APAC study, individuals were excluded due to the non-availability of concentration measurements of triglycerides (n520 individuals) or high-density lipoprotein cholesterol (n53) or fasting plasma glucose (n520) or of blood pressure (n54). Eventually, 5,393 participants (3,230 men) with a mean age of 55.2¡11.8 years (range: 40-94 years) were included into the present investigation. Some of the reasons for the non-availability were that subjects refused to get a venipuncture, or that the blood was not correctly sampled.
Asymptomatic ICAS was detected in 713 (13.2%) participants, and 1323 (24.5%) study participants had a MetS. The subgroup with asymptomatic ICAS compared to the subgroup without ICAS was significantly older (P,0.0001), had a lower level of education (P,0.0001), higher prevalence of former smoking (P50.0002) and alcohol abuse (P50.004), a higher prevalence of very active physical activity (P50.006), higher blood concentration of low-density lipoprotein (P50.002), high-density lipoprotein (P50.049), cholesterol (P50.049), highsensitive C-reactive protein (P,0.001), and fasting plasma glucose (P50. 0001), longer waist circumference (P50.0007), and higher systolic blood pressure (P,0.0001). The frequency of central obesity, elevated arterial blood pressure, and of raised fasting plasma glucose concentration and the degree of MetS were significantly higher in the asymptomatic ICAS group than the group without ICAS (Table 1) (Fig. 1) . In this multivariate model, the prevalence of asymptomatic ICAS increased significantly (P for trend ,0.0001) with the number of MetS components. The same held true for the two other models of the multivariate analysis. The results in the participants with no good temporal window excluded was similar. (Table 2) In the multivariate stepwise logistic regression including all potential variables in model 3, in addition to MetS (OR: 1.49; 95%CI: 1.25, 1.78), asymptomatic ICAS was associated with a lower level of education and with a higher concentration of low-density lipoprotein cholesterol (Table 3) .
Discussion
In our community-based study population of 5,393 individuals, MetS defined by the new definitions of the International Diabetes Federation was significantly associated with asymptomatic ICAS, independently of additional risk factors for ICAS such as age, male gender, lower level of education, smoking, higher body mass index and blood concentration of lipids. The prevalence of asymptomatic ICAS increased significantly and linearly from 7.5% to 24.2% with increasing number of MetS components. Study participants with 5 MetS components had a 4 times higher risk of asymptomatic ICAS than participants with no MetS component. As the first community-based study reporting on the association of MetS with asymptomatic ICAS in a general population, our investigation confirms previous hospital-based studies which as hospital-based investigations were mostly focused on symptomatic ICAS. Previous hospital-based studies suggested that MetS was independently associated with symptomatic ICAS in stroke population [19] [20] [21] [26] [27] [28] [29] . An association between MetS and asymptomatic ICAS was previously reported by Mi and colleagues who prospectively examined effect of MetS on the prognosis of ischemic stroke secondary to intracranial stenosis in Chinese patients [27] . In a group of 701 patients with ischemic stroke due to ICAS, MetS was identified in 26% of the patients. In multivariate Cox proportional hazards analysis with adjustment for gender, BMI, smoking, diabetes, and low-density lipoproteins, the 1-year stroke recurrence was significantly associated with the presence of MetS (hazard ratio 2.30; 95% CI: 1.01-5.22) and large waist circumference (hazard ratio: 2.39; 95% CI: 1.05-5.42). Park and associates assessed whether the apolipoprotein B to apolipoprotein A ratio (apoB)/apoAI ratio) was more closely associated with an ICAS or an extracranial arterial stenosis [27] . In a sample of 464 patients with acute ischemic stroke, the subgroup with ICAS (n5236) showed a higher apoB/apoAI ratio (0.81¡0.02) than both the subgroup with extracranial atherosclerotic stenosis (n544) (0.74¡0.03) and the subgroup with no cerebral atherosclerotic stenosis (n5184) (0.72¡0.02) groups (P50.002). The ratio was substantially increased (0.93¡0.03) in patients with advanced ICAS (>3 intracranial stenoses). With a multivariable analysis, the highest apoB/apoAI ratio quartile was an independent predictor of ICAS (OR, 2.13; 95% CI, 1.05 to 4.33).
The authors concluded that a higher apoB/apoAI ratio was a predictor of ICAS [29] . They found that patients with MetS were more likely to suffer from ICAS than from extracranial arterial stenosis, with a pooled OR of ICAS versus ECAS of 1.68 (95%CI: 1.32-2.12; P,0.0001).
All the preceding studies were hospital-based investigations in contrast to our study with a community-based study population. In addition, most of the preceding studies were focused on symptomatic ICAS while our investigation addressed asymptomatic ICAS. From a practical point of view, knowledge of associations of asymptomatic ICAS may be as least as important as knowledge of associations of symptomatic ICAS, since prophylactic measures have more impact in taken in the asymptomatic stage.
Our result of the association between MetS and asymptomatic ICAS warrants prospective studies to assess whether management of MetS and its components will improve the prognosis of asymptomatic ICAS, in particular whether it will lead to a decreased risk of eventual stroke. Management of MetS may include drug therapy, modification of risk factors, surveillance, and other procedures. To cite an example, in the next follow-up investigations of the Kailuan study one may address whether study participants who underwent a successful drug therapy of MetS or who profoundly changed their lifestyle and nutrition as compared to individuals with MetS but without effective therapy will show a reduced incidence of asymptomatic ICAS and a reduced frequency of a conversion of asymptomatic ICAS into symptomatic IACS including stroke. Similar studies may also be performed in Europe, since associations between MetS and stenosis of the carotid arteries may depend on the ethnic background and on differences in lifestyle and nutrition.
Potential limitations of our study should be mentioned. First, a cross-sectional study as ours cannot prove a causal relationship which usually has to be shown in a longitudinal investigation. The results of our study only allow concluding on an association between MetS and asymptomatic ICAS, while the role of MetS as a risk factor for asymptomatic ICAS may be shown in follow-up investigations. Second, transcranial Doppler sonography was used to diagnose asymptomatic ICAS without confirmation of the result by magnetic resonance angiography or other forms of angiography. However, transcranial Doppler sonography is a widely accepted method for screening intracranial occlusive diseases, especially in a general population [30] . Third, though we used a stratified random sampling method to minimize inclusion bias, residual confounding could not entirely be excluded. Our study was based on a randomly selected subgroup of the participants of the large Kailuan Study which included employees and retirees of the Kailuan Company. One may argue that despite its large study sample, the Kailuan Study population may not have been representative for the population of the city of Tangshan or the province of Hebei. The study population was selected using a stratified random sampling method by age and gender based on the data of the Chinese National Census from 2010. It is however, likely that mine workers differ from workers in other professions. A sampling method based on age and gender alone might have accounted for this.
In conclusion, our community-based study with a more than 5000 study participants revealed that MetS was significantly associated with asymptomatic ICAS, independently of additional risk factors for ICAS. The prevalence of asymptomatic ICAS increased linearly from 7.5% to 24.2% with increasing number of MetS components, so that individuals with 5 MetS components had a 4 times higher risk of asymptomatic ICAS than participants with no MetS component. Future studies may prospectively assess whether therapy of MetS in the asymptomatic stage of ICAS can help to reduce the risk of eventual stroke.
